
N A S A  T E C H N I C A L  
M E M O R A N D U M  

(NASA-'Id-X-53041) R I G 1 . D  BODY STUDY OP 
C O I T B O L ,  S E F A B A T I O P ,  AND LIFT-OFF FOR 
SA-6 VEHICLE (NASA) 45  p '/$ 

NASA TM X-53041 

MAY 1, 1964 

Y74-71467 

Unclas 

RIGID BODY STUDY OF CONTROL, 

SA16 V E H I C L W  
SEPARATION, AND LIFT-OFF FOR 

by E .  L. SULLIVAN, D. 0. McNIEL AND W .  H.  HARMON 
Aero-Astrodynamics Laboratory 

NASA 

Georgt C. Mdrsbdl  
S'uce Flight Center, 

I 

GROUP 





GEORGE C. MARSHALL SPACE F I I G H T  CENTER 
~~ 

Technical Memorandum X-53041 

A p r i l  29, 1964 

R I G I D  BODY STUDY OF CONTROL, SEPARATION, AND 
LIFT-OFF FOR SA-6 VEHICLE (UJ 

E. L. Sul l ivan ,  D. 0. M c N i e l ,  
and W. H. Harmon 

FLIGHT MECHANICS BRANCH 
AERO-ASTRODYNmCS LABORATORY 



P 

GEORGE C. MARSHALL SPACE FLIGHT CENTER 

Technical Memorandum X-53041 

R I G I D  BODY STUDY OF CONTROL, SEPARATION, AND 
LIFT-OFF FOR SA-6 VEHICLE (V) 

By E. L. Su l l ivan ,  D.  0. McNiel, 
and W. H. Harmon 

, 3  9 6 *  (U) ABSTRACT 

This r e p o r t  p re sen t s  a r i g i d  body ana lys i s  of t h e  dynamics 6f t h e  
c o n t r o l ,  s epa ra t ion ,  and l i f t - o f f  motion of t h e  SA-6 veh ic l e  f o r  t h e  
pred ic ted  s tandard  t r a j e c t o r y .  

A headwind r e s t r i c t i o n  of  27 meters per second i s  imposed on t h e  
v e h i c l e  f l i g h t  i n  order  not  t o  exceed t h e  5.5" angle-of -a t tack  l i m i t a -  
t i o n  due t o  s t r u c t u r a l  cons idera t ions .  The wind r e s t r i c t i o n  i s  a head- 
wind due t o  programed 4" angle-of -a t tack  i n  the  maximum dynamic 
p res su re  region.  With t h i s  wind r e s t r i c t i o n ,  t h e  launch p r o b a b i l i t y  
i s  s t i l l  approximately i n  the  3aconf idence  l e v e l  f o r  t he  four  months 
May through August . 

Under the  d is turbances  considered i n  t h i s  s tudy ,  t h e r e  i s  no 
c o l l i s i o n  o r  c o n t r o l  problem during sepa ra t ion  of t h e  S - I / S - I V  s t a g e s  
f o r  t he  pred ic ted  SA-6 f l i g h t .  

The "close" launch support  equipment i s  not an obs t ac l e  t o  t h e  
l i f t - o f f  of t he  SA-6 v e h i c l e  under t h e  d is turbances  considered.  A 
c o l l i s i o n  problem wi th  t h e  umbil ical  tower does e x i s t  i f  c o n t r o l  
engine no. 1 should f a i l  very e a r l y  i n  f l i g h t ;  however, t h i s  occurrence 
must be considered h ighly  improbable. 4 UTW6rz I,.-& . 
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R I G I D  BODY STUDY OF CONTROL, SEPARATION, AND 
LIFT-OFF FOR SA-6 VEHICLE 

By E. L. Su l l i van ,  D .  0. McNiel, 
and W. H. Harmon 

(u)  SUMMARY 

This r e p o r t  p re sen t s  a r i g i d  body a n a l y s i s  of t h e  dynamics of t h e  
c o n t r o l ,  s e p a r a t i o n ,  and l i f t - o f f  motion of t h e  SA-6 v e h i c l e  f o r  t h e  
p red ic t ed  s tandard t r a j e c t o r y .  

A headwind r e s t r i c t i o n  of 27 meters per second i s  imposed on t h e  
v e h i c l e  f l i g h t  i n  order  not t o  exceed t h e  5.5" ang le -o f -a t t ack  l i m i t a -  
t i o n  due t o  s t r u c t u r a l  considerat ions.  The wind r e s t r i c t i o n  is  a head- 
wind due t o  programmed 4" angle-of-at tack i n  t h e  maximum dynamic 
p res su re  region.  With t h i s  wind r e s t r i c t i o n ,  t h e  launch p r o b a b i l i t y  
i s  s t i l l  approximately i n  t h e  3aconf idence  l e v e l  f o r  t h e  four  months 
May through August . 

Under the dis turbances considered i n  t h i s  s tudy ,  t h e r e  i s  no 
c o l l i s i o n  o r  c o n t r o l  problem during s e p a r a t i o n  of t he  S - I / S - I V  s t a g e s  
f o r  t h e  p red ic t ed  SA-6 f l i g h t .  

The "close" launch support  equipment i s  not an o b s t a c l e  t o  t h e  
l i f t - o f f  of  t h e  SA-6 veh ic l e  under t h e  dis turbances considered. A 
c o l l i s i o n  problem with t h e  umbilical  tower does e x i s t  i f  c o n t r o l  
engine no. 1 should f a i l  very e a r l y  i n  f l i g h t ;  however, t h i s  occurrence 
must be considered h igh ly  improbable. 

I. (U) INTRODUCTION 

Rigid body c o n t r o l  requirements are i n v e s t i g a t e d  f o r  t h e  SA-6 
p red ic t ed  f l i g h t .  The study i s  conducted f o r  t h e  f i r s t  s t a g e  f l i g h t  
t i m e  through s e p a r a t i o n  with emphasis on t h e  l i f t - o f f ,  maximum dynamic 
p res su re ,  and s e p a r a t i o n  t i m e s  of  f l i g h t .  Wind r e s t r i c t i o n s  a re  
e s t a b l i s h e d  based on s t r u c t u r a l  l imi t a t ions .  It is  a l s o  shown t h a t  
t h e r e  are no problems during l i f t - o f f  and s e p a r a t i o n  f o r  t h e  SA-6 
v e h i c l e .  

The a n a l y s i s  f o r  t h i s  s tudy i s  presented i n  t h r e e  s e c t i o n s ,  i . e . ,  
r i g i d  body c o n t r o l ,  s epa ra t ion ,  and l i f t - o f f ,  i n  t h a t  o rde r .  

S-IV c o n t r o l  requirements are also i nves t iga t ed .  
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11. ( C )  VEHICLE DESCRIPTION AND TRAJECTORY INFORMATION 

The f i r s t  s t a g e  propulsion system of t h e  SA-6 v e h i c l e  c o n s i s t s  of 
e i g h t  modified H - 1  engines,  r a t e d  a t  188K pounds t h r u s t  per engine a t  
sea l e v e l .  The second s t a g e  (S-IV) of t h e  S-A-6 veh ic l e  i s  propel led by 
s i x  P r a t t  and Whitney engines ,  which develop 15K pounds each under 
vacuum condi t ions.  P e r t i n e n t  performance d a t a  are: 

F i r s t  Stage 

L i f t - o f f  Mass............................ 512,906 (kg) 1,130,764 (lbrn) 
Thrust  (Sea Level) ....................... 6,725,364 (N) 1,511,192 ( l b f )  
S p e c i f i c  Impulse (Sea Level)  ............. 
Tota l  Propel lant  (LOX/RP-1) Mass ......... 385,553.6 (kg) 2 850,000 (lbrn) 
L i f t - o f f  Acceleration..  .................. 13 (m/sec ) 

256 ( s e c )  

Second Stage 

L i f t - o f f  Mass........................... 65,894.0 (kg) 145,271 (lbm) 
Thrust (Vacuum) ........................ 397,260 (N) 89,308 ( l b f )  
S p e c i f i c  Impulse (Vacuum) ............... 429.5 ( s e c )  
T o t a l  Propel lants  (H2/02) (Mass) ........ 45,722.1 ( k g ) ,  100,800 (lbrn) 

Pavload 

O r b i t a l  Payload (Mass) .................. 7,711.1 (kg) 17,000 (lbm) 

This study i s  based on t h e  p red ic t ed ,p rope l l ed  f l i g h t  phase of t h e  
A b r i e f  h i s t o r y  of SA-6 vehicle  through s e p a r a t i o n  of S-I/S-IV s t a g e s .  

t h e  f i r s t  s t age  propel led f l i g h t  i s  given i n  t h e  Table. 
f l i g h t  i s  based on nominal e ight-engine boos te r  ope ra t ion  using a b i a sed  
tilt program. The tilt program i s  b i a sed  t o  c r e a t e  a 4"  angle  of a t t a c k  
i n  t h e  maximum dynamic p res su re  r eg ion  under nominal cond i t ions .  
programmed angle  of a t t a c k  i s  needed i n  o rde r  t o  eva lua te  c o n t r o l  f o r c e s ,  
f i n  loads ,  and e s t a b l i s h  s t a b i l i t y  r a t i o s  more a c c u r a t e l y  than was 
poss ib l e  on SA-5. 

The powered 

This 
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111. (C) ANALYSIS 

A.  (C) Control 

The h i s t o r i e s  of t he  motion of the c e n t e r  of g r a v i t y  (CG) and 
c e n t e r  of pressure (CP) over f l i g h t  t i m e  are shown on Figure 1. This 
t i m e  h i s t o r y  of t h e  motion of CG and CP shows the  v e h i c l e  t o  be  aero-  
dynamically s t a b l e ;  i . e . ,  t h e  CG is  forward of t he  CP, from approxi- 
mately 47 seconds t o  58 seconds of f l i g h t ,  when t h e  v e l o c i t y  i s  around 
Mach 1. The s lope  of t h e  normal fo rce  c o e f f i c i e n t  as a func t ion  of 
f l i g h t  time i s  a l s o  shown on t h i s  same Figure 1. Shown on Figure 2 i s  
t h e  p i t c h  moment of i n e r t i a  as a funct ion of f l i g h t  time f o r  t h e  SA-6 
v e h i c l e .  Figure 3 gives  t h e  dynamic pressure (9 )  over f l i g h t  time f o r  
t h e  powered phase of t h e  boos te r  f l i g h t .  

The wind dis turbances used ' i n  t h i s  a n a l y s i s  a r e  based on t h e  
May and June median winds and the  May and June three-sigma headwinds. 
These wind p r o f i l e s  a r e  shown on Figure 4 .  The wind shea r s  and embedded 
g u s t s  used are based on the  99% confidence l e v e l .  The method used i n  
t h e  a p p l i c a t i o n  of t h e  wind disturbances t o  t h e  v e h i c l e  i s  given i n  
Reference 1. 

The aerodynamic r e s t o r i n g  moment c o e f f i c i e n t  (C ) and c o n t r o l  1 moment c o e f f i c i e n t  ( C  ) as a function of f l i g h t  t i m e  are shown on 
Figure 5 .  The r a t i o  of t he  aerodynamic r e s t o r i n g  moment c o e f f i c i e n t  t o  
c o n t r o l  moment c o e f f i c i e n t  ( C  /C ) i s  shown on Figure 6 as a func t ion  
of f l i g h t  time. The r a t i o  reaches a l o c a l  peak i n s t a b i l i t y  of -.07 a t  
approximately 35 seconds, a peak pos i t i ve  s t a b i l i t y  of .13 a t  approxi- 
mately 52 seconds, and then peak i n s t a b i l i t y  of -.53 a t  approximately 
82 seconds. 

2 

1 2  

A double sensing c o n t r o l  system, u t i l i z i n g  a m i s s i l e - f i x e d  
accelerometer and a t t i t u d e  c o n t r o l ,  i s  used i n  t h e  p i t c h  and yaw 
planes.  The accelerometers a r e  located i n  the  instrument compartment 
a t  approximately s t a t i o n  1500. A second order d i f f e r e n t i a l  equat ion 
f o r  a mathematical s imulat ion of the accelerometer and a t t i t u d e  f i l t e r s  
i s  used. This s imulat ion i s  good up t o  a frequency of approximately .6 
c y c l e s  pe r  second. The c o n t r o l  gains ( a  ) used a r e  those furnished 
by R-ASTR-F .(Reference 2)  and a r e  presen?ed as a func t ion  of f l i g h t  
t i m e  on Figure 7 .  

'82 

Shown on Figure 8 i s  t h e  i n i t i a l  angle  of a t t a c k  f o r  t h e  
nominal f l i g h t  t r a j e c t o r y ,  which gives a 4" angle of a t t a c k  i n  t h e  
maximum dynamic pressure region. Angle-of-attack ( a )  peaks a r e  shown 
on Figure 9 f o r  t h e  median o r  most probable winds f o r  May and June and 
f o r  the 3 a  headwinds f o r  May and June f o r  t h e  f l i g h t  t i m e  of 45 t o  80 
seconds.  This includes t h e  maximum dynamic pressure t i m e  of f l i g h t .  
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Programed Wind Wind 
T i l t  Shears Gusts 

Angle of Attack 3.85 .58 1.04 
Gimbal Angle 1.42 .43 .63 

The band, as shown on t h i s  f i g u r e ,  i n d i c a t e s  t h a t  f o r  t h e  30 headwinds, 
which i s  t h e  most c r i t i c a l  d i r e c t i o n ,  t h e  angle  of a t t a c k  i s  w i t h i n  t h e  
5.5" l i m i t  due t o  s t r u c t u r a l  loads.  The median o r  most probable winds 
f o r  May and June show a decrease i n  t h e  angle  of a t t a c k  s i n c e  these  
winds are ta i lwinds.  The dis turbances used t o  o b t a i n  these  peaks, o the r  
than t h e  annual winds, include t h e  99% p r o b a b i l i t y  shea r s  and g u s t s ,  t h e  
95% probab i l i t y  C1,C2 v a r i a t i o n s  (Reference 3 ) ,  and a f 10% v a r i a t i o n  
f o r  c o n t r o l  gains (a ) (Reference 2).  The e f f e c t s  of t h e s e  v a r i a t i o n s  
are  a l l  combined by ?he r o o t  sum square method. Shown a l s o  on Figure 9 
i s  the angle-of-at tack l i m i t  due t o  s t r u c t u r a l  loads f o r  t h e  high 
dynamic p r e s s u r e  t i m e  point  ( t  = 68 sec). Limits f o r  o t h e r  t i m e  po in t s  
a re  not  a v a i l a b l e  a t  t h i s  t i m e ;  however, t h e  high dynamic p res su re  t i m e  
point  i s  normally t h e  most c r i t i c a l  f o r  s t r u c t u r a l  loads.  

'82 

c1 yC2 a. 'g2 Var i a t ions  Gains 

.42 .12 
1.95 .02 

Figure 10  shows t h e  gimbal angle  (p) peaks f o r  t h e  same t i m e  
of f l i g h t  as above and wi th  the  same d i s tu rbances .  
Figure 10 i s  t h e  gimbal angle  f o r  t h e  median winds without C1 and C 
v a r i a t i o n s .  

Also shown on 

2 

Shown i n  t h e  t a b l e  below is  t h e  i n d i v i d u a l  e f f e c t  of t h e  va r ious  
dis turbances on t h e  angle  of a t t a c k  and gimbal angle  f o r  t h e  t i m e  point  
of 68 sec. ,  i . e . ,  t h e  maximum dynamic pressure t i m e  po in t .  A 30 June 
headwind i s  used t o  o b t a i n  these  values .  These e f f e c t s  w i l l  vary f o r  
d i f f e r e n t  wind magnitudes and d i f f e r e n t  times of f l i g h t ,  bu t  t hese  
values are t y p i c a l .  

Figure 11 shows t h e  angle  of  a t t a c k  as a func t ion  of wind speed 
f o r  t h e  most c r i t i c a l  time point  ( t  = 68 sec). It i s  shown he re  t h a t  
the 5.5" angle-of-attack l i m i t  f o r  t h i s  t i m e  po in t  g ives  a wind 
r e s t r i c t i o n  of  approximately 27 meters per  second f o r  a headwind, 78 
meters per second f o r  a ta i lwind.  
wind l i m i t  f o r  t h e  veh ic l e  i s  59 m/sec. 

It has been determined t h a t  t h e  c ros s -  

Figure 12 shows t h e  wind speed l i m i t s  as a func t ion  of wind 
azimuth, using t h e  wind speed l i m i t s  as given above. The launch 
p robab i l i t y  f o r  t h e  four months May through August i s  0.998, 0.998, 
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0.987, and 1 .000 , respec t ive ly .  These launch p r o b a b i l i t y  e s t ima tes  a r e  
g iven ,  assuming t h a t  t he  maximum q wind l i m i t s  w i l l  be  t h e  l i m i t i n g  wind 
speed and t h a t  t he  d is turbances  a re  combined s t a t i s t i c a l l y .  Figure 12  
a l s o  d e p i c t s  t h e  l i m i t s  f o r  various assumptions and combinations of 
d i s turbances  upon which a dec is ion  f o r  launch could be based.  I f  t he  
wind v e l o c i t y  i s  below the  shaded po r t ion  of t h e  f i g u r e ,  a d e f i n i t e  "go" 
cond i t ion  e x i s t s .  I f  t he  wind v e l o c i t y  i s  wi th in  t h e  shaded po r t ion ,  a 
p r e f l i g h t  s imula t ion  would be necessary t o  determine rlgo" o r  "no go." 
Wind v e l o c i t i e s  above t h e  shaded po r t ion  a r e  a d e f i n i t e  "no go." 

A n  i n v e s t i g a t i o n  of t h e  r i g i d  body dynamics of S-IV s t a g e  a f t e r  
s e p a r a t i o n  was conducted wi th  emphasis placed on the  po r t ions  of f l i g h t  
d i s  cuss  ed be low. 

Fourteen seconds a f t e r  separa t ion  command, a c t i v e  i n e r t i a l  
r e f e rence  i s  t r a n s f e r r e d  from the  ST-90 t o  t h e  ST-124 platform.  
may r e f l e c t  a space re ference  error of approximately .25" f o r  3 a  
dev ia t ions .  This dev ia t ion  w i l l  have a n e g l i g i b l e  e f f e c t  on t h e  c o n t r o l  
of t h e  veh ic l e .  

This 

A t  17.6 seconds a f t e r  separa t ion  command, adapt ive  guidance 
(ST-124) i s  a c t i v a t e d .  The a t t i t u d e  (cpp) of t he  v e h i c l e ,  s u b j e c t  t o  
3 a p a t h  d is turbances  (Reference 14) i n  t h e  f l i g h t  p lane ,  i s  presented 
i n  Figure 13.  This f i g u r e  ind ica t e s  t he  behavior of t h e  v e h i c l e  i n  
t h e  t r a n s i t i o n  per iod when the  programmed tilt (cam) is  replaced by 
t h e  der ived (polynomial) program. The angle  development f o r  t h e  s t and-  
a rd  i s  due t o  t h e  long tilt a r r e s t  per iod (30 s e c )  and the  use of t he  
SA-7 guidance polynomial. The 3amaximum and minimum dev ia t ions  a r e  
e s s e n t i a l l y  due t o  a f 2% t h r u s t  devia t ion  from nominal. The maximum 
tilt r a t e  i s  1" per  second. The maximum gimbal angle  requirement was 
found t o  be approximately 1". No c o n t r o l  problems e x i s t .  

A t  approximately 627.6 seconds the  S-IV s t a g e  engines c u t  o f f  
The a t t i t u d e  rate (bp) i n  t h e  f l i g h t  and t h e  v e h i c l e  becomes o r b i t a l .  

p lane ,  w i th  the  t h r u s t  decay sub jec t  t o  3a  d i s tu rbances ,  was found t o  
be approximately .25 degrees p e r  second, causing no c o n t r o l  problems. 
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B.  (U)  Separat ion 

This s tudy  i s  divided i n t o  two phases. The f i r s t  of t hese  i s  
an  i n v e s t i g a t i o n  of t he  p r o b a b i l i t y  .of phys ica l  c o l l i s i o n  during 
sepa ra t ion  " c o l l i s i o n  phase." 
(cp) dev ia t ions  of t h e  S - I V  s t a g e  immediately following s e p a r a t i o n  
"cont ro l  phase. I t  

The second p a r t  i s  a s tudy  of a t t i t u d e  

Vehicle motion f o r  t h e  r i g i d  body ana lys i s  of t he  dynamics of 
s epa ra t ion  of t h e  S - I  and S-IV s t ages  o f t h e  SA-6 veh ic l e  was computed 
using a six-degrees-of-freedom f l i g h t  ' s imulat ion program i n  which a f i r s t  
o rder  mathematical s imula t ion  of t h e  a t t i t u d e  (cp) f i l t e r  i s  used. The 
sequence of events previous t o  and fol lowing sepa ra t ion  f o r  SA-6 is  
i d e n t i c a l  t o  SA-5 as ou t l ined  i n  Reference 4 and i s  b r i e f l y  summarized 
by t h e  following: 

T ime  (sec) 

- 6.4 S igna l  f o r  S - I  Inboard Cut-Off 
- .4 S igna l  f o r  S - I  Outboard Cut-Off 
- .11 Signal  t o  I g n i t e  Ullage Rockets 

+ .05 Retrorocket Thrust  Buildup t o  10% 
+ 1 . 7  

0 Separa t ion  Command (Explosive Nuts Actuate)  

S igna l  t o  I g n i t e  S- IV Engines 

Hardware l i m i t a t i o n s  e x i s t  due t o  t h e  (ST-90) i n e r t i a l  p la t form,  
which p roh ib i t s  ( c p )  devia t ions  i n  excess of - 15" t o  + 165" i n  p i t c h ,  
f -15" i n  yaw, and ? 15" i n  r o l l .  
p la t form loses i t s  space-f ixed r e fe rence .  Dynamics of t he  v e h i c l e  a r e  
inves t iga t ed ,  sub jec t  t o  t h e  fol lowing d is turbances :  3 U  engine m i s -  
a l ignments ,  30 t h r u s t  v a r i a t i o n s ,  30 wind and engine f a i l u r e s  (note:  
engine f a i l u r e  cases  i n  t h i s  memorandum a r e  def ined a s  engines t h a t  
f a i l  t o  i g n i t e ) .  These 30 v a r i a t i o n s  f o r  t h r u s t ,  misalignment, and 
wind a r e  based on References 5 through 1 2 .  A l l  d i s turbances  a r e  
d i r e c t e d  t o  produce the  maximum dev ia t ion  of t h e  v e h i c l e  from nominal 
ope ra t ion .  
s t a t i s t i c a l  manner, whereas engine f a i l u r e s ,  due t o  a lack  of s u f f i c i e n t  
d a t a ,  a r e  t r ea t ed  sepa ra t e ly .  I n i t i a l  condi t ions  were based on t h e  
SA-6 Predicted Standard Tra j ec to ry .  The 3a engine misalignments l i s t e d  
below are t o t a l  t h r u s t  va lues ;  i . e . ,  t h e  t o t a l  t h r u s t  vec tor  i s  m i s -  
a l igned  the  s t a t e d  amount. 

I f  t hese  l i m i t a t i o n s  a r e  exceeded, t h e  

R e s u l t s  obtained from t h e  30 d is turbances  a r e  t r e a t e d  i n  a 

30 S - I  Booster ( 4  engines)  = .75" 
3a  Ullage Rocket = .35" 
3a Retrorocket  = . l o "  
3a  S-IV Engines = .60" 

1" 4 
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Phase I "Coll is ion" 

A s impl i f i ed  drawing, which i n d i c a t e s  t h e  l o c a t i o n  of t h e  S - I /  
S-IV i n t e r s t a g e  i n  r e l a t i o n  t o  the  S - I V  mainstage engines ,  i s  presented 
i n  Figure 14. These engines a r e  assumed t o  be gimbaled t o  and locked 
i n  t h e  hard outboard p o s i t i o n ,  leaving a minimum l a t e r a l  c l ea rance  of 
74 cm. Resul t s  a r e  presented i n  the form of l a t e r a l  and long i tud ina l  
motion of a po in t  on the  S-IV engine expansion nozzle  r e l a t i v e  t o  t h e  
S-I/S-IV i n t e r s t a g e  a t  t he  separa t ion  plane.  Rela t ive  motion due t o  
t h e  fol lowing d is turbances  i s  presented i n  Figure 15: 30 t h r u s t  
v a r i a t i o n  (combined e f f e c t  of  S-I, Retro,  and Ullage Thrust V a r i a t i o n s ) ,  
30 engine misalignment (combined e f f e c t  of S - I ,  Retro, and Ullage 
Engine Misalignments),  30wind ,  and t h e  t o t a l  "combined e f f e c t . "  The 
3 u "Total  Combination" u t i l i z e s  20% of t h e  c learance  a v a i l a b l e .  Resul t s  
of i n d i v i d u a l  engine f a i l u r e s  a r e  presented i n  Figure 16. 

Phase I1 "Control" 

Resul t s  of t he  c o n t r o l  phase of t h i s  s tudy  a r e  shown i n  Figures  
1 7  and 18. These f igu res  present  a t t i t u d e  (9) devia t ions  i n  r o l l  and the  
yaw plane as a func t ion  of time (time measured from t h e  s e p a r a t i o n  s i g n a l ) .  
Yaw a t t i t u d e  (cp ) devia t ions  due t o  t h e  fol lowing d is turbances  a r e  i n d i -  
ca t ed  i n  Figure'l7: 
and a 30 "Total  Combination" (combined e f f e c t  of S - I ,  S- IVY and u l l a g e  30 
t h r u s t  v a r i a t i o n s ,  30 engine misalignment, and a 3 0 w i n d ) .  The f a i l u r e  
of u l l a g e  rocke t  #4 produces the  l a r g e s t  a t t i t u d e  angle  ( cp  = 4 .5" ) .  
A t t i t u d e  dev ia t ions  i n  r o l l  are presented i n  Figure 18 f o r  30 t h r u s t  
misalignments f o r  t h e  mainstage S-IV engines and the  u l l a g e  rocke t s .  
l a t t e r  case  produced t h e  maximum r o l l  angle  (cp 
w i t h i n  the  k 15" l i m i t a t i o n  of the  ST-90 i n e r t i a l  platform.  

u l l a g e  rocket  #4 f a i l u r e ,  S-IV engine #5 f a i l u r e ,  

Y 
The 

= 5 . 7 " ) ,  which i s  w e l l  r 
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C. (U) Li f t -o f f  

The l i f t - o f f  motion of t he  SA-6 v e h i c l e  i s  descr ibed  i n  t h i s  
s e c t i o n .  Launch i s  t o  be  from AMR, launch complex VLF 37-B.  Vehicle 
motion was computed using a six-degrees-of-freedan f l i g h t  s imula t ion  
program i n  which t h e  e a r t h  i s  t r e a t e d  a s  a r o t a t i n g  e l l i p s o i d .  The 
following dis turbances were considered: 
wind, gyro platform misalignment,  and boos ter  engine f a i l u r e s .  Aero- 
dynamic (Reference 13) and wind da ta  a r e  provided by R-AERO-A and 
R-AERO-Y,respectively. Nominal boos te r  opera t ion  is assumed i n  t h i s  
s tudy  unless  i nd ica t ed  otherwise.  The "3-sigma" engine and platform 
misalignments used i n  t h i s  s tudy  a r e  based on alignment to l e rances  as 
ou t l ined  i n  Reference 6. Ind iv idua l  d i s turbances  a r e  combined by 
root-sum-squaring the  e f f e c t  of each. 

S - I  s t a g e  engine misalignment, 

The l o c a t i o n  of t h e  launch pad wi th  r e s p e c t  t o  t h e  s h o r e l i n e  
i s  shown i n  Figure 19. This f i g u r e  i n d i c a t e s  v e h i c l e  impact po in ts  
a s soc ia t ed  with s e v e r a l  abor t  ( e i g h t  boos te r  engine shutdown) t imes.  
It may be  seen t h a t  f o r  an abor t  time equal  t o  o r  g r e a t e r  than 27 
seconds t h e  veh ic l e  w i l l  impact i n  t h e  A t l a n t i c  Ocean. 

A schematic of launch complex VLF 3 7 - B y  i n d i c a t i n g  the  
l o c a t i o n  of t h e  umbi l ica l  tower wi th  r e s p e c t  t o  t h e  SA-6 v e h i c l e ,  i s  
presented i n  Figure 20. As i nd ica t ed  i n  t h i s  f i g u r e ,  t h e  c r i t i c a l  
s t r u c t u r a l  member of t he  boos te r  f o r  tower c o l l i s i o n  i s  t h e  t i p  of f i n  
no. 2. The "close" launch support  equipment (Figure 21), loca ted  i n  
t h e  proximity of t h e  v e h i c l e  during l i f t - o f f  i s  holddown arms, s h o r t  
cab le  masts, and propel lan t  f i l l  masts.  I n  t h i s  s tudy  a l l  d i s turbances  
a r e  d i r ec t ed  t o  produce t h e  maximum h o r i z o n t a l  d r i f t  of t h e  v e h i c l e  
toward t h e  objec t  being considered.  
motion of the veh ic l e  due t o  t h e  e f f e c t  of wind, engine misalignment o r  
platform misalignment wi th  r e spec t  t o  the umbi l ica l  tower, each d i s -  
turbance i s  d i r ec t ed  along a l i n e  t h a t  is  51" E of N (F igure  22). A 
f a i l u r e  of con t ro l  engine no. 1 i s  t h e  most c r i t i c a l  w i th  regard t o  a 
poss ib l e  tower c o l l i s i o n  and produces a d r i f t  t h a t  i s  45" E of N (Figure 
23) 

For example, when cons ider ing  t h e  

I n  t h i s  s tudy  a 3 0  engine misalignment of .53" means t h a t  t he  
t h r u s t  vectors  of a l l  e igh t  boos te r  engines are misal igned t h e  s t a t e d  
amount from t h e i r  canted pos i t i on .  Horizontal  motion due t o  3 0  platform 
misalignment of .2",  3 U  su r f ace  wind (May), 3 0  engine misalignment of 
.53", and a 3a combination of wind, p la t form misalignment,  and engine 
misalignment i s  presented i n  Figure 24. 
c a l l y ,  t h e  vehic le  has d r i f t e d  .5 ,  1.3, 1.9,  and 2.3 me te r s , r e spec t ive ly .  
No c o l l i s i o n  problem e x i s t s .  

Upon c l e a r i n g  t h e  tower v e r t i -  
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D r i f t ,  as a func t ion  of v e r t i c a l  displacement f o r  no. 1 engine 
f a i l u r e s  a t  0 ,  1, 2 ,  and 3 seconds 09 f l i g h t  t ime, i s  presented i n  
Figure 2 3 .  
.7 seconds w i l l  present  a c o l l i s i o n  problem wi th  t h e  tower. 
t he  estimated p r o b a b i l i t y  of a spec i f i c  engine f a i l u r e  occurring wi th in  
a s p e c i f i e d  time period of 1 second i s  3 X 

It i s  shown t h a t  a f a i l u r e  of t h i s  c o n t r o l  engine p r i o r  t o  
However, 

There a r e  e i g h t  holddown arms, two p rope l l an t  f i l l  masts, and 
two s h o r t  cab le  masts i n  the  v i c i n i t y  of t he  veh ic l e  a t  l i f t - o f f .  Three 
r e p r e s e n t a t i v e  cases a r e  presented i n  t h i s  memorandum, one of each of 
t he  above named "close" ob jec t s .  
meters f o r  3crdis turbances and no. 1 engine f a i l u r e  ( f l i g h t  time = 0 s e c )  
of a point on inboard t u r b i n e  exhaust duct ad jacen t  t o  f u e l  f i l l  m a s t ,  
shroud adjacent  t o  holddown a r m ,  shroud adjacent  t o  sho r t  cable  m a s t ,  
i n  Figures 24 , 25 , and 26 , r e spec t ive ly .  Due t o  the  n e g l i g i b l e  amount 
of d r i f t  incurred i n  the  sho r t  period of time necessary f o r  t he  v e h i c l e  
t o  c l e a r  these  "close" ob jec t s ,  individual  wind cases  a r e  not included 
i n  t h e s e  f igu res .  

Vehicle motion is  presented i n  c e n t i -  
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I V .  (U) CONCLUSIONS 

The wind r e s t r i c t i o n s  f o r  t h e  launch of SA-6 are  shown on Figures 
11 and 12 .  
t a i l w i n d ,  and 59 m/sec crosswind,and the  pred-icted winds f o r  t h e  four  
months May through August, t h e  launch p r o b a b i l i t y  f o r  t h e  SA-6 v e h i c l e  
i s  near t he  3 o c o n f i d e n c e  l e v e l  f o r  t h i s  per iod.  This i s  based on t h e  
assumption t h a t  t he  5.5" angle-of-at tack l i m i t  f o r  t h e  maximum dynamic 
p res su re  time i s  t h e  l i m i t i n g  t i m e  point  f o r  s t r u c t u r a l  loads.  

Using these  wind r e s t r i c t i o n s  of 27 m/sec headwind, 78 m/sec 

I n  the  s e p a r a t i o n  phase of t h e  SA-6 v e h i c l e  f l i g h t ,  t h e r e  i s  no 
c o l l i s i o n  or c o n t r o l  problem under t h e  in f luence  of t h e  3 od i s tu rbances  
considered here .  

The close launch support  equipment, i . e . ,  holddown a r m s ,  s h o r t  
cab le  masts, and p rope l l an t  f i l l  masts, i s  no t  an o b s t a c l e  t o  t h e  l i f t -  
o f f  of t h e  SA-6 v e h i c l e  under t h e  in f luence  of  t he  3 od i s tu rbances  
considered here .  
e x i s t  i f  con t ro l  engine no. 1 should f a i l  very e a r l y  i n  f l i g h t ;  however, 
t h i s  occurrence must be  considered highly improbable. 

A c o l l i s i o n  problem with t h e  umbil ical  tower does 



(C) TABLE 

SA-6 PROPELLED FLIGHT TRAJECTORY (STAGE 1 )  

8 X 188K Engines F = 1,511,192 ( l b f )  
850,000 (lbm) Prop. Consumption I s p  = 256 ( sec )  

T i m e  
(set> 

0 
20 
40 
6 0  
65  
7 0  
75  
80  

100 
120 
140.1 
146.1  

T i m e  
(set) 

0 
20 
40 
6 0  
65  
7 0  
75  
8 0  

100 
120 
140.1 
146.1  

Ground 
Distance 

(km) 

0 
. O l  
.54 

3.34 
4 . 5 0  
5.86 
7 .43  
9.27 

20.49 
41.11 
75 .92  
89.54 

Mass 
(kg ) 

512,906 
459 , 006 
404 , 784 
350 ,561  
336,965 
323 , 369 
309 , 776 
296 , 182 
24 2 , 139 
188 , 152 
134 , 209 
125,447 

Wo = 1,130,764 ( lbm)  - 
wc - 

A l t i t u d e  
(km) 

.03 

.82 
3 . 6 1  
8 . 8 1  

10.47 
12.30 
14.30 
16.52 
27.72 
42.96 
62.65 
69.36 

Dynamic 
Press  r e  Y 

(N/m 1 

0 
3 ,935  

18,377 
35 ,478  
36 , 888 
37 , 139 
35 , 730  
32  , 276 
13  , 3 4 1  

3 ,446  
794  
382 

276,563 (lbm) 

Ac c e 1 era t i on 
Velocity Pa th  Angle V Dog Mach 

0 
$84.7 

210.2 
383.5 
429 .4  
481 .3  
541.9 
612.7 

1 , 008.9 
1,602.9 
2,467.7 
2,628.1 

0 
.92 

20.26 
33.64 
35.78 
37.45 
38.93 
40.72 
49 .13  
57.17 
63.37 
64.50 

6 , 725 , 364 44 , 130 
6 ,956 ,169  125 , 798 
7 ,184  , 287 305 , 813 
7 ,444 ,928  1 ,518  , 036 
7 ,503  , 649 1 ,558  , 884 
7 ,559 ,184  1 ,417 ,939  
7 ,608 ,572  1 , 180,415 
7 ,646 ,902  939 , 880 
7 , 7 2 1  , 5 8 1  249,968 
7 ,701 ,629  4 7  , 009 
7 ,626 ,205  7 ,809  
3 ,785 ,393  3 ,424  

(m/secZ) 

0 
5.09 
7 .83  
8.76 
9 .68  

11.17 
1 3 . 1 1  
15.23 
24.50 
35.40 
52.42 
26.02 

0 
.25 
.63 

1.23 
1.41 
1.63 
1.88 
2.15 
3 .35  
4.87 
7 . 9 1  
8.99 
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9% S h e a r s  and  Gusts 

20  cl ,  c2 and  G a i n  Variat ions 
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FIG,  9. ANGLE OF ATTACK VERSUS FLIGHT TIME 
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I n t  erst age - 

S - I V  Stage 

-1 14 

S-I Stage 

FIG. 14. SCHEMATIC OF S-I/S-IV INTERSTAGE 

C l e a r a n c e  
C onsumed 

I n i t i a l  L a t e r a l  
C l e a r a n c e  . 

(74 e m >  
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No 

-30 " T o t a l  Combination" 
(Wind, Misa l ignmen t ,  T h r u s t )  

Time Required from Separat ion S i g n a l  
t o  Clear Separat ion P l a n e  = 1.1 sec -- ----- 

30 Wind 

30 Engine  Misalignment (S- I ,  Ret ro ,  Ullage) 

1-30 T h r u s t  V a r i a t i o n  (S-I ,  Ret ro ,  Ullage) 
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t = Time Required from S e p a r a t i o n  S i g n a l  t o  Clear  S e p a r a t i o n  P l a n e  
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Vehicle motion disturbed by: platform misalignment; surface wind; 
engine misalignment and a combination of; wind, engine and platform 
misalignments 

90 

80 

70 

60 

v 3- 
c, 

5 
E 50 
Q) 
u 
rd 
a ' 40 

4 

rn 

I+ 

Id 
0 
.rl 
c, 
k 
Q) ' 30 

20 

10 

0 

3u Platform Misalignment = 0. 2" 
3u Surface Wind (December) 
3u Engine Misalignment = 0. 53" 

ination (Wind, Engine and Platform 

I I  

---t  = 2 sec 

.--t = 1 sec 

2 4 

Misalignments) 

1 
8 10 12 14 

Horizontal Displacement (m) 

FIG.22. TRACE OF A POINT ON FIN NO. 2 



34 

Vehicle motion disturbed by the failure of engine no. 1 at: 
0 ,  1 ,  2 and 3 seconds (no other disturbances included) 
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FIG. 23. TRACE OF A POINT ON F IN  NO. 2 
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Vehicle motion disturbed by: platform misalignment; engine 
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